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1. Introduction 
This chapter reviews the imaging modalities available for the diagnosis of appendicitis. The 
advantages and disadvantages of each technique and the impact of pre-operative imaging 
on the management of appendicitis as well cost- effectiveness are discussed.  
2. Epidemiology 
Appendicitis is a common problem encountered in acute care departments and represents 
approximately one fourth of all acute abdominal emergencies [1]. Addiss et al [2], estimated 
that approximately 250,000 cases of appendicitis occur annually in the United States alone. 
In a population of about 300 million, this translates into 1 case per 1200 individuals per year. 
The highest incidence of appendicitis was found in those aged 10-19 years with males 
having higher rates of appendicitis than females for all age groups. The lifetime risk of 
appendicitis is 8.6% for males and 6.7% for females whereas the lifetime risk of 
appendectomy is higher, estimated at 12.0% for males and 23.1% for females [2]. This 
suggests that more appendectomies are performed than required. Note that these figures 
were based on data collected during 1979-1984 at a time when cross-sectional imaging 
technology was only burgeoning, but it illustrates well the concern practitioners had about 
the morbidity and mortality of a ruptured or perforated appendicitis. The mortality rate of a 
complicated appendicitis had reached 3% and about 47% of patients experienced significant 
morbidity [3], which led to the accepted general notion that a negative appendectomy rate 
of 20%  was acceptable with its much lower morbidity to balance the higher risks associated 
with perforation. Overall, an estimated 36 incidental procedures are performed to prevent 
one future case of appendicitis. Currently, negative appendectomy rates are much less, 
because of the incorporation of imaging tests in the pre-operative work-up. 
In patients presenting to the emergency room with right iliac fossa pain, appendicitis 
remains the most frequent diagnosis accounting for 39% of patients, whilst less frequent 
causes include: non-specific abdominal pain (26%), gynecological (22%), and miscellaneous 
causes (14%) [4]. 
Given its high prevalence, the accurate diagnosis of appendicitis is therefore essential in any 
emergency setting in order to provide the most adequate management. The ideal diagnostic 
test or process, one with a high sensitivity and specificity, would be one that minimizes the 
rates of missed appendicitis, but also one that minimizes the need for unnecessary 
appendectomies. 
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3. Clinical diagnosis 
The clinical diagnosis of appendicitis is suspected on the basis of history, physical 
examination and laboratory tests. A clinical scoring system may help and one was first 
developed by Alvarado [5] (see appropriate chapters). In the Alvarado system a low score of 
1 to 4 suggests that there is only a low probability of appendicitis and some patients may be 
discharged without further investigation though some should be considered for imaging.  It 
can be argued that all those with an Alvarado score of 5 to 7 should have imaging 
performed. In those with Alvarado scores of 8 to 10 there is a very high probability for 
appendicitis and appendectomy should be performed promptly without further studies. 
The standard Alvarado scoring is useful in areas with limited resources and no imaging 
diagnostic tools. It may even help in avoiding unnecessary testing and eventually 
unnecessary exposure to ionizing radiation in clear cut cases with typical presentations and 
clinical findings of appendicitis. However, the standard Alvarado score has inadequate 
predictive values especially in children [6],[7], and results in a relatively high negative 
appendectomy rate of 8.8% [8].  
Laboratory blood testing has been a staple in the evaluation of any clinically suspected 
infection; it even figures in the predictive scoring system of Alvarado. However, more recent 
studies suggest that WBC count is a poor predictor of the severity of the  appendicitis [9].   
Laparoscopy is a useful diagnostic and potentially therapeutic tool for evaluating patients 
with right lower abdominal pain especially in women and can be an alternative to active 
clinical observation [10].  
4. Diagnostic imaging 
The diagnosis of appendicitis should be prompt and accurate, and dependence on imaging 
techniques has become necessary. The risks of delay in the management of appendicitis 
secondary to waiting for imaging are largely outweighed by the benefits of the additional 
information provided by the imaging tests.  Recent data show that the temporal components 
associated with perforated appendicitis are the duration of pre-hospital symptoms rather 
than the in-hospital delays to surgery [4]. Recently, a clear evidence-based guideline from 
the Dutch College of Surgeons recommends that appendectomy should not be carried out 
without prior imaging [11]. 
In this section, we review the most commonly available imaging techniques and their 
application to the diagnosis of appendicitis with emphasis on appropriateness, advantages, 
disadvantages and contraindications. 
4.1 Conventional radiography 
The traditional imaging techniques include conventional plain abdominal radiographs 
(PAR) and barium enema.  PAR may show an appendicolith (Fig. 1) which is only present in 
15% of patients with appendicitis. Importantly, those without appendicitis may have an 
incidental appendicolith identified on PAR or on CT scan (Fig. 2), with an incidence 
estimated at 2.6% in children.  Appendicitis has been seen to develop in 5.8% to 6.7% of 
those with an appendicolith, which is little different than the average lifetime risk. 
Therefore, an incidental appendicolith may be a marker of increased but low risk for 
developing appendicitis when compared to the normal population and it is not an 
indication for prophylactic appendectomy in children and adults [12], [13]. 
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The presence of air-fluid levels in the right lower quadrant or a “sentinel loop” may suggest 
a localized paralytic ileus or mechanical obstruction. Free peritoneal or extraluminal air can 
indicate a perforated appendicitis. Loss of the right psoas margin or displacement of the 
bowel loops in the right lower quadrant may be seen with abscess or phlegmon formation. 
However, these are non-specific features. 
The diagnosis of appendicitis by barium enema depends mainly on the identification of 
indirect signs including non-filling of the appendix with barium sulfate or the presence of 
an extrinsic impression on the caecum by an appendiceal abscess.  
Both the PAR and barium enema are insensitive methods for diagnosing appendicitis but in 
the absence of more advanced facilities, they are simple and inexpensive and may provide 
some useful information. Advanced cross-sectional imaging modalities have largely 
replaced PAR and barium enema in the diagnosis of appendicitis because of their limited 
diagnostic value [14]. 
 
 
Fig. 1. Plain abdominal radiograph demonstrating the presence of an appendicolith (arrow) 
and a sentinel loop (arrowheads) in the right lower quadrant. 
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Fig. 2. Incidental appendicolith (white arrow) seen on a non-enhanced MDCT of the 
abdomen. This patient presented for routine evaluation and had no signs or symptoms of 
appendicitis. Notice the normal looking appendix (arrowheads) and lack of periappendiceal 
inflammation. 
4.2 Cross-sectional imaging 
The most widely used cross-sectional imaging techniques for the diagnosis of appendicitis 
are graded compression color Doppler ultrasound (CDUS) which is a non-irradiating 
technique and multi-detector CT scan (MDCT). Each has its particular advantages  
and disadvantages. MRI has been gaining popularity with its shorter acquisition times  
and with resolution approaching that of CT imaging without the burden of ionizing 
radiation. 
4.2.1 Ultrasound US 
Graded compression sonography using a linear high frequency 5-12 MHz transducer is a 
non-invasive low cost technique which is particularly suitable for children, young and 
pregnant women with suspected appendicitis. However, sonography has limitations 
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especially in the obese where tissue penetration is reduced and in the presence of a 
retrocecal appendix surrounded by bowel gas which prevents sound transmission. US 
allows visualization of a normal appendix in approximately 4% - 12% of patients without 
appendicitis as opposed to 43% to 75% with more advanced modalities such as MDCT [14], 
[15], [16]. Finally, sonography is essentially operator-dependent and requires years of 
formative training. Qualified technologists are not always available and the sensitivity of the 
examination is directly affected by the operator’s competence, therefore, it has to be 
performed by experienced sonographers. 
On real-time graded compression sonography, the identification of a non-compressible, 
thickened appendix greater than 6-7 mm in diameter is diagnostic of appendicitis (Fig. 3a, 
3b). Other associated findings that can be determined on ultrasound are the presence of a 
hyperechoic appendicolith with posterior acoustic shadowing, or the presence of anechoic 
fluid or an abscess in the right lower quadrant (Fig. 4). Similar to the sonographic Murphy’s 
sign in the diagnosis of cholecystitis, a sonographic “McBurney’s” sign can be elicited by 
compressing the visualized inflamed appendix using the ultrasound probe which further 
enhances the diagnostic value of the ultrasound examination. 
Color Doppler sonography permits the detection of increased blood flow in the wall of the 
inflamed appendix (Fig. 3c) and the absence of blood flow in the thickened appendiceal wall 
of the gangrenous appendix.  
Real-time ultrasound elastography can be helpful in the depiction of the severity of 
inflammation [17]. 
 
 
 
 
a 
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b 
 
c 
Fig. 3. Graded compression sonography images in transverse (a) and longitudinal (b) 
sections of an enlarged, non-compressible appendix (cursors) compatible with non-
complicated appendicitis. Color Doppler flow image (c) demonstrated increased blood flow 
in the wall of the inflamed appendix due to hyperemia. 
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Because of its diagnostic limitations, if sonography is not capable of demonstrating a normal 
appendix or the sonographic diagnosis of appendicitis is equivocal, indeterminate or 
inconclusive, further evaluation preferably by more advanced cross-sectional imaging  is 
required, such as an emergency MRI (in pediatric, young or pregnant patients). If MRI is not 
available, a contrast enhanced low dose MDCT with lower mA and kV exposure factors to 
minimize radiation is an option.  
 
 
 
a 
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b 
Fig. 4. Plain abdominal radiograph (a) and focal right lower quadrant ultrasound (b) images 
in a child with an appendiceal abscess showing the presence of an appendicolith (white 
arrow) on the plain abdominal radiograph, which demonstrates increased echogenicity and 
posterior acoustic shadowing on ultrasound (black arrowhead). The abscess is also seen on 
ultrasound as an overlying hypoechoic fluid collection containing debris (black arrows). 
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4.2.2 Multi-Detector Computed Tomography (MDCT) 
Multi-detector CT (MDCT) is a fast scanning method which costs more than sonography 
and uses ionizing radiation. It is because of its exceptional higher diagnostic accuracy, speed 
of image acquisition and high resolution that MDCT has emerged in many centers as the 
primary imaging modality for pediatric and non-pregnant adult patients with suspected 
appendicitis. Table 1 lists the main differences between MDCT and ultrasound for the 
diagnosis of appendicitis. 
 
 
Ultrasound MDCT 
Low cost Higher cost 
No radiation  
(use in children & women) 
High radiation dose  
(caution in children & women,  
use of low dose MDCT) 
Widely available Not widely available 
Operator-dependent Not operator-dependent 
Lower overall reported sensitivity & 
accuracy 
Higher overall reported sensitivity & 
accuracy 
Visualization of a normal appendix  
in 4%-12% of patients without  
appendicitis 
Visualization of a normal appendix  
in 43% to 75% of patients without 
appendicitis 
From: Haddad MC, et al. LMJ 2003; 51(4):211-5 
Table 1. Listed differences between ultrasound and MDCT 
Imaging findings on MDCT 
On a contrast enhanced MDCT scan with intravenous and oral or rectal contrast, a normal 
appendix is identified at the cecal pole below the ileo-cecal valve, it appears filled with air 
and contrast material. Its caliber should be normally less than 7 mm, with intact 
periappendicular mesenteric fat (Fig. 5). However, a normal appendix may reach 11 mm in 
maximal diameter on a contrast enhanced MDCT scan with rectal contrast because of a 
better distention of the colon than with oral contrast [18], [19]. Non-filling of a thickened 
appendix with enhancement of its wall and streaking of the periappendiceal fat are major 
and direct diagnostic signs of a non-complicated appendicitis (Fig. 6, 7), whilst an 
appendicitis complicated by perforation will show periappendiceal abscess formation on 
MDCT (Fig. 8). An appendicolith may or may not be seen and is usually found on MDCT 
much more frequently than on conventional radiographs. Secondary or indirect signs of 
appendicitis which may provide clues to the diagnosis include inflammatory changes and 
fat streaking around the cecal pole, a fluid collection in the right lower quadrant and small 
bowel obstruction. 
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Fig. 5. Coronal image of a MDCT scan with intravenous and rectal contrast enema. The 
appendix is shown filled with contrast (white arrow) and has a normal caliber (6mm). The 
surrounding mesenteric fat is intact. 
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In a study by Nikolaidis et al. [20], non-visualization of the appendix on MDCT with 
intravenous and oral contrast was encountered in 15% of adults and in 30% of children. The 
main cause was the paucity of intra-abdominal fat which deprives the radiologist from the 
negative contrast that fat provides. However, in the absence of a distinctly visualized 
appendix and secondary inflammatory changes, the incidence of appendicitis was found to 
be low, estimated at 2%. 
 
 
 
 
 
 
 
 
Fig. 6. MDCT scan with intravenous and oral contrast in a 29-year-old man with right lower 
quadrant pain, vomiting, and low-grade fever. The appendix (white arrowheads) is fluid 
filled, shows an increased caliber (> 7mm), and is not opacified by contrast despite adequate 
filling of the cecum consistent with non-complicated appendicitis. An appendicolith (black 
arrow) is identified in its proximal segment. 
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Fig. 7. MDCT with intravenous and oral contrast axial image demonstrating a retrocecal 
appendix (white arrow) that is not opacified with contrast with wall enhancement and 
streaking of the surrounding mesenteric fat consistent with non-complicated appendicitis. 
CT imaging protocols 
There are a variety of different imaging and contrast protocols for the diagnosis of 
appendicitis. It has been the experience at our institution that the highest diagnostic value 
can be obtained from a contrast enhanced MDCT scan with an intravenous contrast bolus 
and a rectal contrast enema. 25 ml (Telebrix 350 mgI/ml, Guerbet) of water-soluble 
iodinated contrast diluted in 1.5 L of warm water is given as a rectal enema in an adult in 
the right decubitus position to properly opacify the cecum. Contrast enhanced MDCT with 
rectal contrast enema has yielded an accuracy of 94.7% in the diagnosis of appendicitis [18]. 
The advantages of a MDCT with intravenous and rectal contrast enema include high 
diagnostic accuracy, particularly in the thin or constipated patient where visualization of the 
appendix can be limited. A rectal contrast enema serves to distend and opacify the appendix 
if it is normal and has a patent lumen. Non opacification of the appendix despite adequate 
filling of the cecum is a highly sensitive, specific and reproducible diagnostic sign of 
appendicitis [18]. It is a relatively fast technique and it takes about 5-10 minutes more than a 
non-enhanced MDCT scan in order to account for the time needed for the administration of 
the enema.  The disadvantage of MDCT with a rectal contrast enema is that some patients 
may experience discomfort, intolerance and abdominal cramps during the administration of 
the enema. It is therefore recommended to use warm water for the enema and a slow enema 
infusion rate as well as spasmolytics if needed.   
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 a 
 
 b 
Fig. 8. MDCT scan with intravenous and oral contrast images of a patient in whom 
appendicitis was missed on initial presentation and later returned with a ruptured 
appendicitis and pelvic abscess formation. Initial exam (a) revealed a fluid filled blind-
ended tubular structure (arrow) with extensive surrounding fat streaking consistent with 
the inflamed appendix. On the patient’s second presentation (b), the appendix had ruptured 
and produced a large pelvic abscess (arrowheads) containing tiny pockets of gas. 
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Alternatively, contrast enhanced MDCT with intravenous and oral contrast administration 
for bowel opacification is a more commonly used technique. It is generally more accepted by 
patients than rectal contrast enema, however, it’s main disadvantage compared to the 
MDCT with rectal contrast enema is a prolonged waiting time as mentioned previously, 
mainly because of the contrast transit time to reach the cecum (60 to 120 minutes) in order to 
properly opacify the terminal ileum and possibly the appendix.  
Furthermore and because of its progression through the entire small bowel, the amount of 
contrast that eventually reaches the cecum does not provide sufficient luminal distention as 
compared to the rectal contrast enema study. Therefore distention and opacification of the 
appendix, even when normal, is not always guaranteed with oral contrast MDCT studies.  
Also, many patients presenting to the emergency department with suspected appendicitis 
have nausea and vomiting which precludes the drinking of the 1.5 L of oral contrast. 
The use of IV contrast is advocated in both rectal and oral contrast MDCT studies as it 
provides additional diagnostic clues that may indicate the presence of appendicitis such as 
appendiceal wall enhancement which also represents a major criterion or diagnostic sign.  
Finally, a non-enhanced or plain MDCT scan may be used if there is a contraindication for 
the usage of iodinated contrast material such as contrast-induced nephropathy in patients 
with renal function impairment, or a positive history for severe allergic reactions to contrast 
media. A non-enhanced MDCT scan remains the fastest study that can be performed with 
short image acquisition time while still maintaining a high diagnostic accuracy without fear 
of adverse reactions or patient intolerance. 
It is important to emphasize, however, that the routine use of MDCT imaging, despite its 
high diagnostic accuracy, carries the burden of increased exposure to ionizing radiation. 
Care should be taken not to expose pediatric and pregnant women without proper 
justification and discussion with the patients or surrogates about the risks of the 
examination versus the benefits.  
4.2.3 Magnetic Resonance Imaging (MRI) 
MRI is a non-irradiating imaging technique but is not as widely or readily available as 
ultrasound and MDCT. It is more expensive and the examination itself takes a longer time 
to perform, and image quality has a higher chance of becoming degraded by motion 
artifacts [21]. 
Because of major concern about risks and hazards from exposure to high radiation doses 
and potential allergic and toxic effects of intravenous contrast material associated with 
MDCT, MRI is increasingly becoming the study of choice to evaluate children and pregnant 
women with suspected appendicitis and non-diagnostic ultrasound results. Pregnant 
patients can be accepted to undergo MR scans at any trimester or stage of pregnancy, 
however, MR contrast agents should not be administered to pregnant patients because of 
their potential teratogenic effects [22]. Most studies reported the use of T1, T2 and T2 fat 
saturation sequences with axial and coronal acquisitions, with or without additional T1 post 
contrast image in the absence of any contraindication. 
On MRI (Fig. 9), a thickened appendix of more than 7 mm in diameter, an appendiceal wall 
thicker than 2 mm, signs of inflammatory changes surrounding the appendix or presence of 
a pelvic abscess are diagnostic signs of appendicitis [21]. A meta-analysis of recently 
published data regarding the utility of MRI in pregnant women with suspected appendicitis 
performed by Blumenfeld and colleagues showed high diagnostic accuracies of MRI in the 
diagnosis of appendicitis [23]. 
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a 
 
b 
Fig. 9. T2-weighted MR images (a and b) demonstrating an abscess formation in the pelvis 
secondary to a ruptured or perforated appendicitis in a child.  
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4.3 Scintigraphy 
Scintigraphy using technetium-99m labeled leukocytes (Tc-99m HMPAO) or technetium-
99m monoclonal antibodies-leukoscan (LeuTech anti-CD 15) allow detection of appendicitis 
with a sensitivity ranging between 81% and 100% and a reported specificity ranging 
between 82% and 100% [12]. The scintigraphic examinations should be interpreted with 
caution because focally increased uptake of the radiotracer in the right lower quadrant can 
indicate an inflammatory source that may be due to appendicitis as well as other 
inflammatory conditions such as diverticulitis and Crohn’s disease. The major 
disadvantages of scintigraphy are cost, exposure of patients to ionizing radiation, limited 
availability of the radiotracer and a long scanning time. 
The utility of 18F-FDG PET-CT imaging in the diagnosis of appendicitis was highlighted by 
researchers in a few case reports [24], [25], [26]. Its performance compared to conventional 
MDCT scan is yet to be determined, and availability of the radiotracer also limits its regular 
use in most centers. 
5. Differential diagnosis 
There are many conditions that may mimic appendicitis and one of the reasons why MDCT 
scan has gained such an increasing popularity over recent years is because of its ability to 
detect and differentiate other causes of right lower quadrant pain which occur in 
approximately 32% of patients investigated for suspected appendicitis [27], [28]. It is 
important to keep in mind these alternative diagnostic possibilities or differential diagnoses 
when evaluating patients with right lower quadrant pain, as their treatment options differ 
from each other and from that of appendicitis. 
These clinical mimickers include: 
- Mesenteric adenitis 
- Crohn’s disease 
- Primary epiploic appendagitis 
-  Neutropenic typhlitis in cancer and transplant patients on immunosuppression 
- Cecal diverticulitis 
- Familial Mediterranean fever 
- Omental torsion 
- Lupus peritonitis 
- Bowel perforation without evidence of a pneumoperitoneum 
- Torsion of a Meckel’s diverticulum 
- Ureteric colic 
- Gynecological emergencies such as ovarian torsion, pelvic inflammatory disease, 
uterine fibroids, etc… 
Some of these conditions may be surgical, but on the other hand it is of utmost importance 
to recognize the non-surgical conditions at imaging such as mesenteric adenitis or epiploic 
appendagitis among others, thus avoiding unnecessary surgery. Color Doppler ultrasound 
and MDCT can readily exclude appendicitis and differentiate it from these mimickers by the 
identification or visualization of a normal appendix. 
6. Treatment 
Differentiation of complicated from uncomplicated appendicitis may be of greater 
importance in the future as several studies are now suggesting differing treatment options.  
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In uncomplicated appendicitis, laparoscopic appendectomy is currently the standard 
treatment but non-operative management with antibiotics alone may be a justifiable 
alternative [29], [30]. 
For appendicitis complicated by perforation and abscess formation, MDCT scan can help 
guide percutaneous catheter drainage (Fig. 10) followed by interval appendectomy [31], [32]. 
 
 
 
a 
 
b 
Fig. 10. CT-guided percutaneous catheter drainage of a pelvic abscess secondary to a ruptured 
appendicitis. (a) CT-guidance for a percutaneous transgluteal approach needle and catheter 
insertion. (b) Follow-up MDCT image showing complete healing of the pelvic abscess. Patient 
underwent subsequent elective and interval appendectomy shortly afterward. 
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7. Cost-effectiveness 
Imaging provides a quick and accurate diagnosis of appendicitis, which has several clinical 
and economical implications. 
- It allows an early diagnosis of appendicitis and so in some may reduce the risk of 
perforation with its associated morbidity and prolonged hospitalization time. 
- Its routine use results in a reduction in the number of patients admitted to the hospital 
for clinical observation with a reduction in cost. 
- It identifies alternative diagnoses namely non-surgical acute abdominal and pelvic 
emergencies, therefore avoiding unnecessary operations and reducing cost. 
- It significantly decreases the negative appendectomy rate which is used in several 
hospitals as a Performance Indicator (PI) for quality assurance and accreditation. 
Routine pre-operative imaging for suspected appendicitis has significantly reduced the 
negative appendectomy rate (NAR) to 4% at our institution compared to a previous 
NAR of 16% during the era of clinical diagnosis when used alone without pre-operative 
imaging [33]. This is of particular concern since some third party payers may not cover 
the costs of removal of a histologically normal appendix at surgery. 
8. Conclusion 
There is an increasing consensus for routine pre-operative imaging in patients with 
suspected appendicitis. Ultrasound is the imaging modality of first choice in children and 
pregnant women because of concerns about exposure to ionizing radiation and secondary 
carcinogenic and teratogenic potential risks. If the ultrasound examination is non-
diagnostic, then MRI is the next choice. Multi-detector CT remains the preferred imaging 
modality in adults because of its higher diagnostic accuracy. Imaging has proven to have a 
great impact on clinical outcome and cost-effectiveness in patients presenting to the 
emergency room with suspected appendicitis.  
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